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A longitudinal study of prolonged breastfeeding in relation to child undernutrition
Background In a number of studies prolonged breastfeeding was associated with a higher risk of undernutrition, although most of these studies are limited by their crosssectional design which does not allow examination of temporal relationships between full weaning and undernutrition. Methods
The relationship between prolonged breastfeeding and child growth was examined prospectively among children under 36 months old who participated in a large cohort study. At baseline and at each of three 6-monthly follow-up visits breastfeeding status was assessed and all subjects were weighed and measured.
Results
Undernourished children were more likely to be breastfed for a longer period of time compared with normal children. We found a small difference between breastfed and fully weaned children in the gain in height over the following 6-month period; however, breastfed children were likely to gain significantly less weight, particularly among children who were aged 6-12 months. Similar findings were noted when these associations were examined among children who were normally nourished at the time of breastfeeding assessment. The inverse association between breastfeeding status and weight gain was significantly larger among children of poor or illiterate mothers compared with children of relatively more affluent or literate mothers, respectively. Conclusions Our findings suggest that the inverse association is not causal, and may be explained by poorer complementary feeding among breastfed compared with weaned children. Children from poorer households and whose parents are illiterate are more likely to have less than adequate complementary feeding. The importance of adequate complementary feeding in the second half of infancy needs to be stressed in nutrition education programmes. Keywords Breastfeeding, nutritional status, wasting, stunting, developing countries, Sudan Accepted 21 July 1997
The benefits of breastfeeding in reducing the risk of infection and mortality and improving growth in the first 6 months of life have been known for some time. 1 ' 2 The relationship of breastfeeding and nutritional status in older children has been controversial. 3 Prolonged breastfeeding, usually defined as breastfeeding beyond 6 months or one year of age, has been reported to be associated with a higher risk of undernutrition. 4 ' 5 In other studies, however, prolonged breastfeeding was protective 6 had no impact on nutritional status. 7 Using data from the Demographic Health Surveys (DHS) carried out in 19 developing countries, it was recently reported that children who were breastfed beyond the first year of life were shorter and lighter compared with non-breastfed children. 8 Most of the studies that have examined this question, including the large and representative DHS, are limited by their cross-sectional design which does not allow examination of temporal relationships between full weaning and undernutrition. In addition, only a few of these studies included adjustment for possible confounding variables such as socioeconomic status, and fewer still included an examination of the findings within strata of important modifiers.
In this report, the relationships between breastfeeding and nutritional status were examined among children who participated in a large cohort study carried out in the Sudan. We prospectively examined the relationship between breastfeeding status and gain in height or weight over the following 6 months in the total study population, among children who were normally nourished at the time of breastfeeding assessment, and in groups of children stratified according to household wealth or maternal literacy.
Methods
The study was initiated in June 1988 to examine the relationships between vitamin A supplements and the health and survival of preschool children. Additional details on the study design and the study population have been published elsewhere. ' The study population comprised 28 753 boys and girls aged 6-72 months in five rural councils in northern Sudan. Equal numbers of boys and girls were enrolled. About 28% of the mothers were literate and 50% of the households had running water in the house. Interviewers enrolled all eligible children at baseline (round 1) and subsequently visited each household three times at 6-monthly intervals. Field personnel were divided into six teams, each consisting of two interviewers, two anthropometridans and a supervisor. At each round, each household was visited; anthropometric measurements were done by each team at a central location after household visits were completed.
Follow-up rates at rounds 2, 3, and 4 were 92.1%, 87.5%, and 84.2% respectively. Children who were not available at round 4 included those who had died, those who were diagnosed to be xerophthalmic at rounds 2 or 3 and were excluded from further follow-up, and those lost to follow-up, mostly due to absence of the mother from the home at the time of the follow-up surveys. At each round, the interviewers measured each child's weight and height. Weight was measured using a Salter scale to the nearest 100 g. Height (or recumbent length for children <85 cm) was measured to the nearest 1 mm with a locally made anthropometer. The Centers for Disease Control Anthropometric Software Package (CASP) was used to calculate anthropometric indicators. All children with Z scores below -2 were considered undernourished: such children were considered wasted if only deficient in weight-for-height; stunted if only deficient in height-for-age; or both stunted and wasted if they were deficient in both parameters. Children at or above -2 Z scores in both weight-for-height and height-for-age were classified as not undernourished or normally nourished.
Interviewers also assessed child dietary vitamin A intake at each round by administering to mothers a simple 24-h recall questionnaire. Approximate dietary intake of total vitamin A was computed by multiplying the nutrient content of each food item by an assumed average portion. 10 At baseline, information was collected on potential determinants of nutritional status, including household wealth subjectively assessed on a four-point scale, availability of water in the house, and maternal literacy. The latter three variables were used as indicators of socioeconomic status. Morbidity at each visit was assessed by asking the mother whether in the preceding 7 days the child had diarrhoea, cough, fever, or measles. These symptoms were grouped into the following six mutually-exclusive categories: diarrhoea alone, diarrhoea with fever, cough alone, cough with fever and/ or diarrhoea, fever alone, and measles irrespective of other symptoms associated with it. Given that a small proportion of children were still breastfed at ^36 months of age, all analyses in this paper are limited to children who were <36 months. At each visit, interviewers asked whether each child was exclusively breastfed, partially breastfed (breastfed and bottle fed or breastfed and receiving solid diet), exclusively bottle fed, or fully weaned on solid foods. We defined breastfeeding in two ways and examined the relationship of each definition with nutritional status. In the first definition, we merged partial and exclusive breastfeeding and compared it with receiving no breast milk at all. Given that only a few children at any of three periods were either exclusively breastfed (n = 212 child-periods), exclusively bottle-fed (n = 38 child-periods), or both breast-and bottle-fed (n = 148 child-periods), we excluded these three categories from the second definition and compared children who were on breast milk and solid foods (n = 6808 child-periods) to those on solid foods alone (n = 21 573 child-periods). Results with both definitions of breastfeeding were similar so we present the findings using the second definition.
We examined whether the nutritional status and socioeconomic status of children at the beginning of a 6-month period are predictive of the risk of 'being weaned' by the end of the period. For this analysis, logistic regression was used and the data were limited to children who were breastfed at the beginning of a round, and hence at risk of weaning. We examined this question by round of data collection to account for the independence between observations across rounds. The predictors of weaning identified in the results by round were essentially the same as those when the total number of child-periods were used, hence we present the latter analysis. Linear regression was used to examine the relationships between breastfeeding status at a particular round and height or weight at the same visit (cross-sectional analyses), as well as changes in these measurements over the following 6 months (longitudinal analyses). These analyses were carried out in 3-month or 6-month strata by age at the beginning of a round. Since undernutrition was associated with continuation of breastfeeding, we repeated the same analyses among children who were normally nourished at the beginning of each round. We next explored whether the relationship of breastfeeding to height or weight gain over a 6-month period was modified by levels of wealth or maternal literacy. These results were adjusted for a number of potentially confounding variables at baseline, namely age by month (within a 3-or 6-month stratum), sex, dietary vitamin A intake, capsule (vitamin A or placebo), morbidity, household wealth, availability of water in the house, and maternal literacy. Variances generated by logistic and linear regression models were used to estimate 95% confidence intervals. We used a probability level of <0.05 to define statistical significance. Data were analysed using Statistical Analysis System software, SAS Institute, Cary, NC. 
Results
In all, 81% of children were breastfed by 12 months of age, but the prevalence declined to 62% and 27% by 18 and 24 months (Table 1) . Children who came from relatively affluent families and children of literate mothers were weaned earlier than children from poorer backgrounds and those whose mothers were illiterate. Having running water in the house was also associated with earlier weaning.
We examined the relationship between breastfeeding status and height or weight measured at the same time, as well as change in these measurements over the following 6 months. In cToss-sectional analyses, breastfed children were significantly shorter and lighter than weaned children ( Table 2 ). There were small differences between breastfed and weaned children in the gain in height over the following 6-month period ( Table 2) . Breastfed children were also likely to gain less weight, compared with weaned children, particularly among those who were aged 6-12 months. Among children 9-12 months old, those who were breastfed gained 308 g less (95% CI :-414, -201) compared with weaned children.
Given that undernourished children were more likely to be breastfed for a relatively longer period, we examined the relationship between breastfeeding status and gain in height or weight among children who were normally nourished at the time of breastfeeding assessment ( Table 3 ). The change in height was negligible between breastfed and weaned children. Breastfed children tended to gain less weight and the difference Table 2 Relationship of breastfeeding to baseline height/weight and to change in these measurements over a 6-month period " From individual linear regression models for each 3-month stratum. For each model, the relationship between breastfeeding and measurement (height or weight) at the following round was examined and adjusted for measurement at the previous round, age as a continuous variable, sex, morbidity (five dummy variables), dietary vitamin A as a continuous variable, capsule (vitamin A/placebo), maternal literacy, wealth, and availability of water in the house. b From individual linear regression models for each 3-month stratum. For each model, the relationship between breastfeeding and measurement (height or weight) at the same round was examined and adjusted for age as a continuous variable, sex, morbidity (five dummy variables), dietary vitamin A as a continuous variable, capsule (vitamin A/placebo), maternal literacy, wealth, and availability of water In the house. was greatest for children between the aged 6-12 months: -263 g (95% CI : -381, -144).
We next examined the association of breastfeeding and gain in height or weight using the total population stratified by a subjective assessment of household wealth and by maternal literacy (Table 4) . We noted an inverse association between breastfeeding status and gains in height or weight that was apparently of larger magnitude for the youngest children (6-12 months at baseline) and those who had poorer or illiterate mothers compared with older children or those whose mothers were more affluent or literate. In general, the biological significance of these differences were stronger for weight than for height. Children from poorer households who were breastfed at the age of 6-12 months gained 10 mm less than weaned children (95% CI :-17, -30), compared with 3 mm difference among children from more affluent households (95% CI : -8, 2); a t-test was statistically significant (P < 0.0001). Breastfed children in the same age range and from poorer households gained 449 g less than weaned children (95% CI : -615, -284), compared with a 235 g difference among children from more affluent households (95% CI : -357, -114); a t-test was statistically significant (P < 0.0001). Similarly, children of illiterate mothers who were breastfed gained less weight compared with children in the same age group but whose mothers were literate. Children who were breastfed at between 6 and 12 months and whose mothers were illiterate gained 365 g less compared with weaned children (95% CI : -477, -252), while breastfed children in the same age bracket and whose mothers were literate gained 188 g less compared with weaned children (95% CI :-387, 12). A t-test was also statistically significant (P < 0.0001).
Discussion
The association between current breastfeeding and height or weight has been examined in a number of studies with conflicting results: 3 an inverse association was reported in the majority of the studies, 4 ' 5 although in a few studies a protective 6 or null 7 protective association was observed. Most of the published studies are limited by their cross-sectional design which does not account for the possibility that undernutrition may be the reason for prolonged breastfeeding, rather than vice versa. We found a similar inverse association in this study when we examined the data cross-sectionally. We also found that undernourished children were more likely to be breastfed for longer durations a From individual linear regression models for each stratum. For each model, the relationship between breast feeding and measurement (height or weight) at the following round was examined and adjusted for measurement at the previous round, age as a continuous variable, sex, morbidity (five dummy variables), dietary vitamin A as a continuous variable, capsule (vitamin A/placebo), maternal literacy, wealth, and availability of water in the house. b Household wealth was subjectively assessed by the field worker on a fourpoint scale which is grouped in these analyses into two levels compared with normally nourished children. The latter finding was also reported in a study from Guinea Bissau" providing one explanation for this inverse association. Longitudinal data are necessary to examine the relationship between prolonged breastfeeding and nutritional status. To our knowledge, this is the first large longitudinal study to examine this question. The consistent and significant inverse associations that we and others observed with cross-sectional analyses were not observed when the data were examined prospectively. There were inverse associations with height and weight gain in favour of weaned children which were more notable among the youngest children in the sample: 6-12 months old. To exclude the effect of prolonging breastfeeding because a child was undernourished, we examined these associations among children who were normally nourished at the time of the breastfeeding assessment. We noted a consistent finding of a more marked inverse relationship with respect to weight gain among children who were aged 6-12 months. Given that a small proportion of these children were below 9 months of age, these results are largely reflective of the associations among children who were 9-12 months old. The apparently greater risk associated with breastfeeding occurs shortly after the age range (4-6 months) during which complementary feeding is introduced in many developing countries. These Findings may be confounded by differential levels of food intake between breastfed and weaned children around the time of introduction of complementary feeding. Unfortunately, dietary intake was not carefully assessed in any of the published studies including this one. We have data on dietary vitamin A intake in this population; while this is not a good marker of total food intake, it may shed some light on the dietary patterns between breastfed and weaned children. Vitamin A from breast milk was not included in this calculation of intake. Breastfed children consumed significantly less vitamin A from foods (excluding breast milk) compared with weaned children, suggesting that breastfeeding mothers may be under the impression that breast milk provided adequate nourishment and have thus not provided, out of lack of information or because of poverty, adequate complementary feeding. To examine this explanation for our findings, we assessed the association of breastfeeding status and nutritional status among children categorized by household wealth or maternal literacy. Marked differences in weight gain and height gain favouring weaned children were also noted among children <12 months of age in all strata. However, these differences were significantly greater for children who were from poorer households compared with those from relatively affluent ones, and similarly for children of illiterate mothers relative to those bom to literate mothers. This finding supports the explanation that breastfed children were more likely to be provided with more inadequate complementary feeding. Women with minimal formal education are less likely to have access to information about nutrition; also parents from poorer backgrounds are less able to provide for adequate complementary feeding, and infants and young children in such households have to rely on breastfeeding for a longer duration (past 6 months of age) with minimal additional foods. These findings are supported by the results of a study in which the growth and lactation performance of breastfed infants in the US were compared with a group of poor Peruvian infants. 13 Compared with US infants, those from Peru started faltering after 6 months of age, although both groups had comparable milk volume and density. The Peruvian group, however, received less energy and much less protein from non-breast milk sources at 9 and 12 months of age than did the US infants.
Our findings are also in accord with the only other prospective longitudinal study from Guinea Bissau." In cross-sectional analyses in the latter study, breastfed children at all ages were more likely to be malnourished compared with weaned children. Children older than one year who were weaned during the study were weighed before (0-100 days) and after (30-130 days) weaning. There was no change in Z score at the time of weaning. Given the observational design of our study and the one from Guinea Bissau, it is difficult to exclude the possibility of residual confounding by mismeasured variables of socioeconomic status or morbidity. In addition, the contribution of complementary feeding to the relationships of prolonged breastfeeding and nutritional status should be studied in future studies.
Prolonged breastfeeding has other benefits of public health significance. The possible protective effects of prolonged breastfeeding on child mortality and morbidity have been controversial. In a few studies, children who were breastfed past 6 months of age experienced a significant reduction in mortality, 14 or reductions in diarrhoea 15 and mortality," while in other studies no such findings were observed.
1 ' 16 Prolonged breastfeeding was not associated with mortality in the Sudan study population (WW Fawzi et al., unpublished results) . However, harmful prospective relationships between malnutrition and child mortality were noted in the Sudan study 17 and in another from Bangladesh, 18 and these were significantly reduced among children who were breastfed compared with fully weaned children. These findings suggest that breastfeeding is associated with a higher likelihood of survival among malnourished children. Breastfeeding is also associated with family planning benefits in many traditional societies with secondary benefits in terms of wider child spacing and better child and maternal health.
In conclusion, there is no evidence that prolonged breastfeeding perse is associated with poorer nutritional status. Rather we found a higher risk of malnutrition among breastfed infants from poorer households and whose parents are illiterate and are thus less likely to have adequate complementary feeding. Breastfeeding for up to 18 months of age and beyond is common in many developing countries. Given that prolonged breastfeeding may have additional benefits including reductions in child morbidity and mortality, rather than ignoring the importance of prolonged breastfeeding, public health workers need to reinforce the importance of adequate complementary feeding beyond 4-6 months of age.
